Some Points in the Diagnosis of Stone by X-rays
By C. A. WELLS, F.R.C.S.
ABSTRACT.-The investigation of cases suspected of stone is concerned with (1) those in which a shadow is visible and (2) those in which X-rays throw no shadow.
In the former group the nature of the shadow must be determined. If a stone, it miust be accurately placed in the urinary tract and the anatomy and function of the affected and unaffected parts of the tract must be determined.
A stone may be recognized by the characteristic shape to which it grows in the pelvis, in a calyx or in the ureter. In the earlier stages, or when the shape of the shadow is not characteristic, radiograms may be made on inspiration and expiration. In orthopsedic and other cases immobilized for long periods interesting calculi may form and may subsequently be disintegrated and passed, or may require surgical treatment.
For stones in the kidney and upper ureter pyelography by the descending route is ideal. For infected stones the retrograde route is preferable. For small ureteric stones at opaque catheter is best.
Non-opaque stones are of real surgical significance. It is essential to make a positive diagnosis in a case of suspected stone, even if operation is not required. Furthermore, nonopaque stones are sometimes sufficiently large to demand operative removal. The presence of these stones can be inferred from descending pyelograms, and the stones themselves can be displayed by means of the opaque material they pick up in the course of a descending pyelography.
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On peut reconnaitre les calculs par la forme typique qu'ils revetent en grandissant dans le bassinet, dans un calyce ou dans l'uretere. Au commencement avant qu'ils aient pris leur forme caracteristique, on peut faire des radiographies pendant l'inspiration et pendant ]expiration. Des calculs interessants peuvent se former dans les cas orthopediques, ou dans d'autres cas immobiliske pour longtemps, et peuvent se desintegrer et passer par les voies naturelles, ou bien peuvent n6cessiter une intervention chirurgicale.
Pour le diagnostic des oalculs du rein et de la partie superieure de l'uretere la pyelographie par la voie descendante est ideale. Pour le diagnostic des calculs infectes la voie retrograde est pr6f4rable. Pour les petits calculs de l'uretere l'emploi du catheter opaque est la meilleure methode.
Les calculs transparents aux rayons X ont une importance chirurgicale reelle. I1 est absolument necessaire de poser un diagnostic positif en cas de calcul suspect, meme si une intervention n'est pas necessaire. De plus, les calculs non opaques sont quelquefois assez grands pour necessiter un traitement op4ratoire. L'existence de ces calculs peut etre de'duite au moyen de la pyelographie d'ielimination, et THE consideration of the X-ray pictures in cases of supposed urinary lithiasis may be discussed under two broad headings-(1) those pictures in which a shadow which may be a stone is present, and (2) those in which at first no such shadow is to be seen. It has been stated over and over again that only in the former of these two .groups is the case of any surgical significance. This view, however, is open to two grave objections. Firstly, urology has reached a point of such accuracy in diagnosis that a positive answer is demanded to the question, " Is there any stone present ? " Secondly, as will be shown, non-opaque stones may quite well be of such size as to demand operative removal.
The group in which the stone is opaque to X-rays comprises the great majority of cases. In these the duty of the surgeon is (1) to identify the shadow as being due to a stone, (2) to place the stone or stones accurately, and (3) to disclose the anatomical and physiological state of affairs in the part affected and in the urinary tract as a whole.
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Diagnosis from " straight-through " X-rays.-Many shadows in appropriate areas may be recognized by their outline. For the most part, stones tend to grow to the shape of the cavities in which they lie. Thus a stone in the pelvis of the ureter becomes characteristically triangular. At a later stage it develops processes which grow out into the calyces, and a branched calculus results. Finally, such a stone may grow to fill the pelvis and calyces so completely as to resemble a perfect pyelogram. A solitary stone in a calyx tends to grow to the shape of a clove or dumb-bell, but this form is not often seen ( fig. 1 ). A neglected stone in the ureter gradually becomes elongated and assumes the classical form so commonly illustrated.
This tendency for the stone to grow to the shape of the pelvis, for example, is very clearly shown in certain instances of the soft calculi which form during the prolonged immobilization of surgical tuberculosis and orthopaedic patients. Of these stones some have later been observed to disappear when the patients are again up and about and X-ray records are available, demonstrating their gradual disintegration (figs. 2a and 2b). Others call for surgical interference and frequently present complex-and even desperate-problems. These calculi often appear to grow with astonishing rapidity, and although a lengthy period of recumbency is usual, quite a short illness is occasionally associated with the formation of stones ( fig. 3 ).
Whilst in general, many stones throw characteristic shadows, a greater number are indefinite in outline, and various devices are employed to confirm their true nature. Of these one of the simplest and most reliable is to take photographs on deep inspiration and expiration. If at the limits of the excursion of the kidney the shadow retains its relationship to the kidney outline (usually this is best judged by measurement from the lower pole) it may fairly be assumed to be due to a renal stone. Similarly, if multiple shadows retain their relationship to one another it may be assumed that all are of the same nature. By this method reliable information may be obtained with a minimum of inconvenience to the patient. Some confusion occurs in the case of ureteric stones-in the upper fourth.
Normally, no doubt, the ureter remains relatively fixed when the kidney moves, but when a stone is arrested in the upper fourth it will be found to move with the kidney. This is no doubt due to the cedematous infiltration of the wall of the 
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The ordinary chronic calculous pyonephrosis is no exception to the general rule of movement on respiration, but in an acutely infected kidney, especially if associated with a perinephric abscess, all movement may be lost. In such cases the patient is confined to bed, the colon contains gas, and the kidney outline is invisible. The absence of movement in the stone shadows, which alone are visible, may, therefore, be misleading unless the observer is prepared for it. or; (2) in a case calling frankly for nephrectomy. Only after pyelography can the approach to the stone be properly considered, the value of the kidney be assessed, and the appropriate technique worked out.
The intravenous route is agreeable to the patient and shows the whole tract at one examination. Moreover, judged with proper knowledge and circumspection, it is a valuable index of renal function. For non-infected stones in the " kidney" or upper ureter it is the method of choice. It has certain limitations and will fail to throw any shadow in: (1) the upper ureter. This occurs in the absence of any obstruction at a lower level, as though the ureter below the stone were in that state described by the physiologists as the " wave of relaxation which precedes the wave of contraction." The recognition 41 915 Proceedings of the Royal Society of Medicine of this phenomenon is of some importance, since it may closely simulate organic obstruction at a lower level ( fig. 7) .
The retrograde route should be chosen in the presence of infection. Segregation is essential in such cases and pyelograms can conveniently be made at the same time.
Conflicting 'evidence may result in the same case from investigation by different methods. It is important to realize the possible differences between pyelograms obtained by different techniques.-A retrograde pyelogram made with a highly concentrated and irritant solution causes spasm of the pelvis and results in a contracted shadow; a pyelogram obtained by the intravenous route will vary a little in size during the period of observation but will always be larger than that seen when the pelvis is in spasm; a retrograde pyelogram using a bland solution, such as 1246% sodium iodide, will commonly show a shadow much larger than either of the other two. Allowance should be made for these variations. Opaque ureteric catheterization.-For small shadows in the lower ureter the passage of an opaque catheter seems to be the method of choice. The bladder can be searched for other small stones and the ureteric orifice can be examined.
The skiagrams should be stereoscopic if a positiv'e diagnosis is to be made.
Mistakes will certainly result from the assumption that superimposed shadows in a single film are thrown by bodies in contact with one another. This method of confirming the diagnosis has the additional advantage that catheterization often leads to the passage of the stone.
An exception may be made to this general rule in the case of u'reteric stones which have lain in the lower end for a long time. Here, importance attaches to the assessment Qf damage done to the ureter and kidney, and back-pressure changes caxi certainly be very well judged by means of pyelography by the intravenous route.
Anatomical variations.-Double ureters and bifurcating ureters call for especial care in diagnosis. Pyelography by whichever route may lead to the. filling of a half only of a " double " kidney. The half containing the stone may be missed.
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But the appearances of such a pyelogram ( fig. 8 , ii) are so characteristic that there should be no difficulty in recognizing the anatomical condition. In a bifurcating ureter a uretero-pyelogram is all that is required to clarify the situation 
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Diverticula of the ureter and pelvis are exceedingly rare and call for great tenacity of purpose in the resolving of conflicting items of evidence. Retrograde pyelography will usually be necessary (fig. 10) .
Similarly, stones in ectopic and horse-shoe kidneys are responsible for shadows in unusual positions and call for persistence in investigation. The absence of a normal kidney outline should arouse suspicion.
Other atypical cases.-Stones may vary from tvpe in special circumstances. Thus, in a hydronephrotic kidney a single stone may become large and rounded like a bladder stone and " jack-stones" may develop in the kidney pelvis under similar conditions. An alternative under the same conditions is for multiple calculi to form and grow to resemble a pocket of small round shot. These tiny stones, instead of becoming faceted, seem to rub against each other and to round off their corners like pebbles on the shore. Such a collection of small round stones throws a shadow which very closely resembles the mottling of a calcified lymphatic gland, from which it must be distinguished.
Diciculties in diagnosis.-It is sometimes necessary to employ every artifice and device before one can be quite certain of the nature of a shadow. Calcified glands in the line of the ureter constitute one of the principal difficulties, and the final diagnosis may be particularly hard to arrive at if the gland is adberent to the posterior parietal peritoneum in close contact with the ureter. If the opaque catheter can be passed beyond the level of the shadow a stereoscopic skiagram may be taken. If this is inconclusive some opaque material should be injected through the catheter, when it will be found that there is a partial hold-up with more or less dilatation above the level of the shadow, if it is a stone. If the fluid passes readily up to the kidney and records a normal pyelogram, without some dilatation or hold-up above the level of the shadow, it may be taken that the opaque object is a gland. Similarly, if the catheter will not reach the level of the shadow, an opaque fluid may be injected with caution. In the case of a normal ureter it is probable that the pelvis will be shown filled and that the ureter will throw no shadow. In the case of a ureteric stone the dye will either be arrested at the stone (fig. 5 ), or will pass beyond it and be shown as a collection in a more or less dilated ureter.
A final method of appeal in cases of this type is to take a lateral skiagram, when it will be seen that gland shadows lie well in front of the vertebral bodies. It is sometimes a help in cases which are still in doubt to make a lateral skiagram with an opaque ureteric catheter in position.
Great care needs to be exercised in the case of a ureter containing two or more stones. It is the rule that the lower of these stones is impacted, and that above it there is dilatation. Consequently the second stone is free to move and may be found in the ureter on one day and in the kidney on the next. A radiogram should invariably be made immediately before operation in cases of this type.
The problem of secondary hydronephrosis.-A stone impacted in the ureter leads to more or less hydronephrotic distension of the kidney. In going through the cases on which this paper is based, two facts have become evident in this connexion. Firstly, the kidney is capable of returning to a normal anatomical appearance after having been distended to a considerable degree (figs. 6a and 6b). Secondly, an enormous degree of hydronephrosis in a solitary remaining kidney is compatible with life and normal useful activity.
Non-opaqute stones.-As has been argued at the beginning of this paper, nonopaque stones are of real surgical significance. In a case of suspected renal colic it is at the present time unsatisfactory to leave undecided the question of whether or not there is a stone present. Furthermore, non-opaque stones may on occasion be of considerable size and call for surgical removal.
These stones may be displayed in one of three ways. If a pyelographic medium is injected into the ureter or kidney, the stone may be displayed as a filling defect. This calls for very careful scrutiny of the films and, whilst a small stone may in this way be made visible in the ureter, only a stone of considerable size will be disclosed in the kidney (figs. lla and llb). It is said that, following the removal of the pyelographic medium, some may remain adherent to the stone and cause it to become visible. This is probably less likely to occur since the silver preparations have given way to sodium iodide. Since the advent of intravenous pyelography new light has been thrown upon this subject. Firstly, it may be seen from a series of examinations spread over a period of time that the function of a suspected kidney is becoming progressively poorer. This should lead the observer to renewed efforts to discover some satisfactory explanation for the colic- showing filling defect duie to non-opaque stone. This examination was made because repeated examinations with uroselectan showed rapidly diminishing renal function. They did not, however, demonstrate the presence of a stone.
where a non-opaque stone is impacted in the ureter the descending pyelographic medium may be seen to be arrested in all films at a certain point. If the picture is always the same it may be assumed that the arrest is not due to a normal wave of contraction and an organic cause for obstruction may be postulated.
Further careful scrutiny of the films will probably lead to the discovery of the third .phenomenon. This is the staining of the stone by means of the intravenous pyelographic medium. Commonly, stone shadows are seen to be denser following uroselectan, and in certain cases in which a calculus has not previously been visible it will be found that a few hours, or even a day or two, after the injection, at a Sectionm -of Urology9 time when the rest of the tract is free from dye, a stone shadow is to be seen. In the series under discussion this phenomenon has been responsible for the disclosing of no less than five calculi. Of these, one was a small one in a horseshoe kidney, two were small stones in the-lower end of the ureter (figs. 12a and 12b), which have since been passed, and two were stones at the lower end of the ureter requiring operative removal. Unfortunately none of the small stones were recovered, but it seems probable that they were composed of uric acid. Of the two stones removed by operation, one was an inch long and a third of an inch in diameter and the other, of very irregular shape, measured rougbly a quarter of an inch in every direction. The three non-opaque stones recovered by operation (figs. 11, 13, and 14) were examined and their composition was reported as follows: The first, ammonium urates in the centre with some earthy phosphates; at the periphery earthy phosphates and some urates. The second, chiefly some organic substance which did not give the spectroscopic appearance of blood; with this, traces of calcium oxalate and magnesium phosphate; uric acid was not found. The third, earthy phosphate with some calcium oxalate in the extreme periphery.
Although indirect references have been made to the subject, it would appear that insufficient attention has been drawn to the importance of intravenous pyelography in the elucidation of the problems presented by non-opaque calculi. It would seem that their incidence represents something between 2% and 10% of all stones, as estimated by various writers in different parts of the world. In this series they represent roughly 5% of the cases and it is clear that they can no longer be disregarded with equanimity.
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